Currently, no FDA-approved medication exists for the treatment of cocaine use disorder. Furthermore, as women become increasingly more at risk for the consequences of cocaine addiction, the need to establish better-tailored treatment medications is paramount. We examine the effects of the alpha2 adrenergic agonist, guanfacine HCl, on responses to stress and drug cue in a group of cocainedependent men and women who also abuse alcohol and nicotine. Forty early abstinent treatment-seeking cocaine-dependent males and females were randomly assigned to receive either daily placebo (12 M/7 F) or guanfacine (2 or 3 mg) (15 M/6 F) for 3 weeks. In week 4, they participated in a laboratory experiment and were exposed to three 10-min guided imagery conditions (stress/stress, cue/cue, and stress/cue), one per day, consecutively in a random, counterbalanced order. Craving, negative emotion, anxiety, and cardiovascular function were assessed at baseline, immediately following imagery exposure, and at various recovery time points. Guanfacine significantly attenuated cocaine craving, alcohol craving, anxiety, and negative emotion following exposure to all three imagery conditions in females, but not males. Guanfacine did, however, reduce sympathetic tone as well as stress and cue-induced nicotine craving and systolic blood pressure (SBP) in both males and females. These findings highlight sex-specific effects of guanfacine on drug craving, anxiety, and negative mood with significant effects in women and not men. The findings suggest further evaluation of guanfacine in the treatment of cocaine use disorder with a specific focus on sex differences in treatment response.
INTRODUCTION
Although cocaine use disorder is a serious preventable health-care problem in the United States, no effective FDAapproved medication currently exists. This may be due in part to many tested medications showing high abuse potential and targeting reward (Sofuoglu, 2010; Amato et al, 2011) , rather than the attenuation of stress-related craving (Fox and Sinha, in press ). Recent societal changes in the demography of cocaine use also means that the traditional gender gap in both licit and street drug consumption has become much smaller (Degenhardt et al, 2008) . Furthermore, as extensive risk-related sex differences set women at a disadvantage for compulsive drug use (Becker and Hu, 2008; Fattore et al, 2008) and the negative consequences of drug use in females often appear accelerated or 'telescoped' (Back et al, 2005) , the development of an FDA-approved medication that targets this vulnerability in women is imperative. As cocaine-dependent individuals commonly co-abuse alcohol and nicotine (Carroll et al, 1993; McCance-Katz et al, 1998; Carroll et al, 2000; Patkar et al, 2006) , medications targeting stress systems that mediate craving for multiple drugs of abuse is also important. We therefore propose to investigate guanfacine HCl, a non-stimulant agent, with minimal side effects, that targets stress-provoked craving for multiple drugs and that may be particularly efficacious in women with cocaine use disorder.
As an alpha2 adrenergic agonist, guanfacine stimulates presynaptic alpha 2A receptors located on noradrenergic neurons throughout the mesocorticolimbic pathways (Uhlen et al, 1994; Scahill et al, 1999) . This induces central inhibition of norepinephrine (NE) via the attenuation of NE release from terminals and firing from cell bodies in the locus coeruleus (Engberg and Eriksson, 1991) . Guanfacine also promotes a downregulation of sympathomimetic outflow from the vasomotor center of the brain to the heart (Sica, 2007) . Notably, extensive preclinical and clinical research has shown that both of these central and peripheral mechanisms may have a salient role in the reduction of cocaine craving, owing to the fact that activation of the lateral tegmental NE system Erb, 2010; Sinha et al, 2011; Mantsch et al, 2013) and autonomic peripheral arousal (Sinha et al, 2003; Fox et al, 2008b ) are implicated in stress-induced motivation for, and relapse to, cocaine during early recovery.
For example, evidence shows that the discontinuation of cocaine has been associated with adrenergic dysregulation within neural systems associated with the control of rewarding and aversive motivational states. These adaptations include the desensitization of alpha2-adrenoceptors in the mediobasal hypothalamus (Baumann et al, 2004) , increased activation of corticotrophin releasing hormone and NE in the central nucleus of the amygdala (CeA) and BNST (Shalev et al, 2002; Shaham et al, 2003) , and heightened NE responsivity to stress in humans (Fox et al, 2005) . Most notably, these withdrawal-related alterations have been shown to underpin stress-induced reinstatement of cocaine in rats Sinha et al, 2011) , as well as the negative reinforcing effects of cocaine such as depressive-like symptoms (Siever and Uhde, 1984) and elevated anxiety and panic attacks (McDougle et al, 1994; Smith and Aston-Jones, 2008) . As enhanced negative affect and sympathetic sensitivity to stress and drug cues during early withdrawal have been associated with elevated craving and relapse vulnerability (Sinha et al, 2003; Fox et al, 2005 Fox et al, , 2008b , centrally mediated inhibition of NE, via functional antagonism of noradrenergic signaling, may provide a salient mechanism for medications development.
In support, preclinical studies indicate that guanfacine and other alpha2 adrenergic agonists such as clonidine and lofexidine are able to block stress-induced reinstatement to cocaine self-administration (Erb et al, 1998; Erb et al, 2000) . Clonidine has also prevented forced swim-induced reinstatement in mice (Mantsch et al, 2010) . Similarly, in humans, lofexidine has been shown to decrease stress-and drug cue-related opiate craving in opiate dependent individuals also treated with naltrexone (Sinha et al, 2007b) . Moreover, in a recent preliminary study, we showed that guanfacine decreased cue-related cocaine craving, anxiety, and arousal in individuals with cocaine dependence (Fox et al, 2012) .
Although guanfacine may be a promising medication for cocaine addiction because of its mediation of sympathetic function, these stress pathways are inextricably meshed with gonadal systems, and hence are highly sex specific ). Studies show robust sex variation in the stress-and cue-induced craving state (Brady et al, 2006; Saladin et al, 2012) with women generally reporting significantly higher ratings of anxiety, stress, and negative affect (Back et al, 2005; Chaplin et al, 2008; Fox et al, 2008b; Fox and Sinha, 2009 ) alongside unique sympathetic dysregulation patterns compared with those of men (Fox et al, 2006; ). Preclinical studies have also shown sex diversity with female rats displaying longer HPA-axis activation and greater NE response to stressors compared with male rats (Heinsbroek et al, 1990; Heinsbroek et al, 1991) .
We therefore assessed the effects of guanfacine on craving, anxiety, and negative mood during exposure to stress and drug cues in men vs women with cocaine dependence who also abused alcohol and nicotine. We hypothesized that the effects of guanfacine would be sex specific, with women potentially showing enhanced benefit from adrenergic medication compared with males. To test this hypothesis, we conducted a double-blind, placebocontrolled laboratory study designed to determine subjective and cardiovascular response to stress-and cue-related imagery in a group of cocaine-addicted men and women after 3 weeks of treatment with guanfacine (up to 3 mg/day) vs placebo.
MATERIALS AND METHODS

Participants
Forty treatment-seeking individuals with cocaine dependence (13 F/27 M) were recruited from the local area using newspaper and on-line advertisements. The Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders IV (First et al, 1995) and positive urine toxicology screens were used to determine current cocaine dependence. Exclusion criteria included DSM-IV dependence for any drug other than cocaine, alcohol, or nicotine. Participants using prescribed medications for any psychiatric or medical disorders were also excluded, and all individuals underwent stringent medical assessments including electrocardiography and laboratory tests of renal, hepatic, pancreatic, hematopoietic, and thyroid function. Written and verbal consent were obtained from all participants, and procedures were approved by the Human Investigation Committee of the Yale University School of Medicine.
General Procedures
The study comprised three laboratory sessions conducted during inpatient stay, and 3-4 weeks following admission to the Clinical Neuroscience Research Unit of the Connecticut Mental Health Center (CMHC). During these sessions, three personalized guided imagery scripts were presented to participants, one per day, across 3 consecutive days in a randomized and counterbalanced order. The imagery conditions were: (i) stress, (ii) cue, and (iii) combined stress and cue. All imagery conditions were 10 min long.
The Clinical Neuroscience Research Unit is a locked inpatient treatment research facility with no access to alcohol or drugs and very limited access to visitors. Drug testing was conducted regularly to ensure drug abstinence. As subjects were all treatment seeking, they participated in standard and individual group counseling treatment for cocaine addiction while on the unit.
Guanfacine Dosing Schedule
All guanfacine pills were marketed by Watson Pharmaceuticals and purchased through the pharmacy located at the CMHC. The research pharmacist ensured that both active and placebo (lactose) capsules used for medication administration appeared identical. All subjects were randomly assigned to either guanfacine (2 or 3 mg) or placebo. On day 5 of inpatient admission, participants were initiated on a 12-day titration schedule, similar to that used in previous human studies (Scahill et al, 2001; Biederman et al, 2008) , with morning doses administered at 08:00 AM and evening doses at 08:00 PM. Briefly, participants who randomized to the dose of guanfacine 2 mg started dosing on days 1-3 (0.5 mg evening), on days 4-13 (0.5 mg morning and 1.0 mg evening), and weeks 2 onwards (1.0 mg morning and 1.0 mg evening). Participants who randomized to the dose of guanfacine 3 mg started dosing on days 1-2 (0.5 mg evening), on days 3-5 (0.5 mg morning and 1.0 mg evening), on days 6-8 (1.0 mg morning and 1.0 mg evening), on days 9-11 (1.0 mg morning and 1.5 mg evening), and on day 12 onwards (1.5 mg morning and 1.5 mg evening). All laboratory sessions were conducted in week 4, B21 days after admission. Following the laboratory sessions, and on completion of inpatient stay (5 weeks), all participants underwent a standard 5-day taper (Strang et al, 1999) . Urn randomization procedures to match groups on age, sex, and education variables were conducted by the CMHC research pharmacist (Stout et al, 1994) .
Imagery Script Development Procedures
These are presented in full in the studies by Bergquist et al, (2010) and by Sinha (2009) . Briefly, the stress scripts were based on subjects' descriptions of recent personal stressful events described as being 'most stressful' on a 10-point Likert scale. Only scripts scored 8 or above and containing no drug-related scenarios were accepted for later use in the laboratory challenge studies. The drug cue scripts were developed by having subjects to identify recent situations that included drug-related stimuli, resulted in subsequent cocaine use, and included no stressful scenarios. The stress and drug cue combined script-elicited situations where a stressful scenario was followed by a drug-related event.
Once the situations were elicited, 10-min scripts (comprising two combined, 5-min scripts) were developed for the three laboratory sessions: stress/stress, cue/cue, and stress/ cue. Each imagery script was then audio-taped and presented as part of the laboratory challenge procedures.
Laboratory Challenge Procedures (Conducted Across 3 Consecutive Days)
On each of the 3 testing days, all subjects were abstained from breakfast and were allowed an initial smoke break at 07:30 AM in order to reduce craving. They were then brought into the testing room at 07:45 AM. Self-reports of craving, anxiety, and mood were completed immediately after setup at 08:00 AM. This was followed by a 45-min adaptation period during which the subjects were instructed to practice relaxation. Following the collection of baseline measures, at 09:10 AM, subjects were provided headphones and given the following instructions for the imagery procedure: 'Close your eyes and imagine the situation being described, 'as if' it were happening right now. Let your body and mind get completely involved in the situation, doing what you would do in the real situation'. Pulse and blood pressure were continuously monitored during imagery presentation. Subjective and cardiovascular measures were obtained at baseline (B), immediately following imagery (0 time point), 5 min after ( þ 5 time point) and then periodically every 15 min after up to 65 min post imagery ( þ 20, þ 35, þ 50, þ 65 time points). At the end of each session, relaxation instructions were provided.
Collection times for all subjective and cardiovascular measures are presented in Supplementary Information S1.
Laboratory Assessments
Four separate visual analog scales, anchored from 1 (not at all) to 10 (extremely high), were used for measuring cocaine craving, alcohol craving, nicotine craving, and anxiety. The Differential Emotion Scale (Izard, 1972) was used to rate negative emotion. The scale comprises 30 adjectives (or items) and participants were required to rate on a 5-point scale the extent to which each word describes the way she/he felt at the current time. Negative emotion ratings included a composite score of 'sadness' and 'anger' sub-scales. A Critikon Dinamap 120 Patient Monitor (Soma Technology, CT) was used to assess blood pressure and pulse rate.
Statistical Analyses
Linear mixed effect models were implemented to analyze the data, using SPSS software (version 19). Within-subjects factors of imagery condition (stress/stress, cue/cue, and stress/cue), time point (varying levels), and Betweensubjects factors of medication group (guanfacine (2 and 3 mg collapsed) vs placebo) and sex (males vs females) were the fixed effects. Subjects represented the random effects. Baseline data were used as covariates in all analyses in order to account for variability across each testing day. A first order autoregressive covariance structure was applied to all linear mixed effect models. T-tests and w 2 -tests were used to compare groups on demographic and drug use variables.
In the primary analysis, the guanfacine group comprised two doses: 2 and 3 mg collapsed. Doses were collapsed owing to small sample size and no previous evidence of dose effects for 2 and 3 mg/day doses. However, we conducted secondary analysis examining guanfacine dose on tonic and phasic stress system adaptations, in which medication dose (placebo vs 2 mg guanfacine vs 3 mg guanfacine) represented a between-subject fixed effect. Owing to small numbers of females in the dose categories, these extended dose findings are preliminary only. Table 1 presents demographics and baseline differences in key outcome variables. Both guanfacine and placebo males and females were statistically well matched in terms of demographic and drug use variables, with the exception that females had consumed a greater quantity of cocaine in the month preceding inpatient admission compared with males. They also had significantly higher BMIs compared with the males. As elevated BMI and cocaine use in the females might potentially act as a confounding variable for sex differences, secondary analyses were performed using BMI and amount of cocaine before inpatient treatment as a covariates. These additional covariates had no significant effect on any of the linear mixed effect models. The reported findings below therefore document baseline only as a covariate. Raw values (means and SDs) for all subjective measures are presented in Supplementary Informations S2 and S3.
RESULTS
Participants
Safety and Tolerability
Consistent with our initial laboratory project assessing the effects of guanfacine on stress-and cue-induced cocaine craving (Fox et al, 2012) , the current dosing schedule was shown to be safe and well tolerated in both males and females. Side effects were reported in 46.7% of guanfacine males, 66.7% of guanfacine females, 85.7% of placebo females, and 33.3% of placebo males. All side effects were reported as being mild to moderate and dissipated within the initial 2 weeks of inpatient stay. Only three participants administered guanfacine continued to report mild symptoms into the third week (1 female/2 male). The list of common side effects is presented in Supplementary Information S4.
Baseline Findings
Cardiovascular measures. A significant main effect of medication group (F(1,37) ¼ 35.5, po0.0001) and sex (F(1,37) ¼ 4.8, po0.04) showed that basal heart rate was significantly higher in females compared with males and significantly lower in participants administered guanfacine compared with placebo. A significant medication group Â sex interaction (F(1,37) ¼ 8.9, p ¼ 0.005) also showed that while guanfacine significantly lowered basal heart rate compared with placebo in both males (p ¼ 0.001) and females (po0.0001), heart rate was reduced to a greater extent in females. This was owing to the fact that basal beats per minute were significantly higher in placebo females compared with placebo males (p ¼ 0.01) (Figure 1a) .
Guanfacine significantly reduced basal systolic blood pressure (SBP) (F(1,37) ¼ 5.0, p ¼ 0.03) and diastolic blood pressure (DBP) (1, 38 ¼ 6.1, po0.02) compared with placebo in both males and females (Figure 1b and c) . A main effect of sex for both SBP (1, 37 ¼ 6.1, po0.02) and DBP (1, 38 ¼ 5.9, p ¼ 0.02) also indicated, as expected, that males had higher tonic blood pressure compared with females. A significant medication group Â sex interaction for DBP (1, 38 ¼ 4.4, p ¼ 0.04) additionally indicated that basal DBP was reduced in guanfacine males compared with placebo males (po0.0001). This attenuation of blood pressure in males may have been owing to the fact that basal DBP was significantly elevated in placebo males compared with placebo females (p ¼ 0.003).
No effects of dose were observed between the 2 and 3 mg guanfacine groups with regard to basal cardiovascular output.
Response Findings
Highest order interaction terms and main effects only are presented in the text. All lower order interactions and main effects are presented in Table 2 .
Subjective Craving Measures (Baseline Adjusted)
Cocaine craving. A significant medication group Â sex Â time-point interaction was observed (F(5,501) ¼ 5.1, po0.0001), where guanfacine females reported significantly Sex differences in the effects of guanfacine HC Fox et al lower levels of cocaine craving compared with placebo females immediately following imagery presentation (0 time point: po0.0001) and 5 min later ( þ 5 time point: po0.02) (Figure 2a ). This reduction in cocaine craving in the guanfacine females may have been instigated by the high levels of cocaine craving observed in the female placebo group compared with the male placebos immediately following the presentation of all three imagery conditions (0 time point: po0.0001) and 5 min later ( þ 5 time point: po0.0001).
Conversely, in the males, the guanfacine group reported significantly higher ratings of cocaine craving than the placebo males immediately following imagery exposure (po0.0001).
The attenuation of cocaine craving in guanfacine females and increase in cocaine craving in the guanfacine males compared with placebos was observed across all three imagery conditions, as no significant imagery condition interactions were observed between sex (sex Â imagery, p ¼ 0.71) and medication group (medication group Â imagery, p ¼ 0.80).
Alcohol craving. A significant medication group Â sex Â time point interaction was observed (F(5,492) ¼ 3.4, p ¼ 0.005), where guanfacine females reported significantly lower levels of alcohol craving compared with placebo females immediately following imagery presentation (0 time point: po0.0001) and 5 min later ( þ 5 time point: p ¼ 0.003) (Figure 2b) . Again, the reduced alcohol craving seen in the females guanfacine group may have been related to the high ratings of craving reported by the female placebo group comparative to the male placebos immediately following exposure to all three imagery conditions (p ¼ 0.001). This attenuation in alcohol craving was not observed in the male guanfacine group and was reported in guanfacine females across all three imagery conditions, as no significant imagery condition interactions were observed between sex (sex Â imagery, p ¼ 0.67) and medication group (medication group Â imagery, p ¼ 0.53).
Nicotine craving. A significant main effect of medication group was observed (F(1,37) ¼ 9.9, p ¼ 0.003), showing that guanfacine reduced nicotine craving in both male and female cocaine-addicted individuals, following exposure to all three imagery conditions and across all time-points (Figure 2c) . No significant interactions were observed between medication group, sex, imagery condition, and time points.
Subjective Anxiety and Mood Measures (Baseline Adjusted)
Anxiety. A significant medication group Â sex Â timepoint interaction was observed (F(5,520) ¼ 7.0, po0.0001), where guanfacine females reported significantly lower levels of anxiety compared with placebo females immediately (Figure 3a) . Again, reduced anxiety levels seen in the guanfacine females may have been the result of high anxiety ratings reported by the female placebo group compared with the male placebo group immediately following exposure to all three imagery conditions (po0.0001) and 5 min later (p ¼ 0.001). This attenuation in anxiety was not seen in the guanfacine males and was observed across all three imagery conditions, as no significant imagery condition interactions were observed between sex (sex Â imagery, p ¼ 0.72) and medication group (medication group Â imagery, p ¼ 0.24).
Negative emotion (composite score of anger and sadness). A significant Medication Group X Sex interaction was observed (F(1,84) ¼ 4.0, po0.05) showing that again females who were administered guanfacine reported a significant attenuation in negative emotion compared with females given placebo across all imagery conditions and time-points (po0.04) (Figure 3b ). Elevated levels of negative emotion were also reported by the female placebos compared with the male placebo group (po0.02).
Cardiovascular Measures (Baseline Adjusted)
A significant medication group Â sex Â imagery condition interaction for heart rate (F(2,246) ¼ 4.2, p40.02) showed that beats per minute were reduced across all time points in the guanfacine females compared with the placebo females in the stress/cue imagery condition only (po0.0001). Again, the guanfacine-related attenuation in heart rate in the females may have been related to the elevated heart rate observed in the placebo females compared with the placebo males across all time points in the stress/cue imagery condition (po0.0001). No differences between the male placebo groups vs the male guanfacine groups were observed. A main effect of sex was observed for both SBP (F(1,113) 
Effect Sizes
Effect sizes ranged from moderate (f ¼ 0.32 negative emotion; f ¼ 0.46 heart rate; f ¼ 0.50 nicotine craving; and f ¼ 0.65 alcohol craving) to high (f ¼ 0.80 cocaine craving and f ¼ 0.94, anxiety).
Secondary Analysis (Dose)
Dose analysis showed significant dose Â sex Â time-point effects for cocaine craving (F(10,472) ¼ 3.1, p ¼ 0.001) and alcohol craving (F(10, 463) ¼ 2.1, p ¼ 0.02). In both cases, the attenuation of craving in the guanfacine females was reduced more robustly by the higher 3 mg/day guanfacine dose relative to placebo, and no differences were seen in the 2 mg/day vs placebo. Immediately following exposure to all three imagery conditions (0 time point), the females on 3 mg/day of guanfacine reported significantly lower cocaine craving compared with the placebo group (po0.0001). Five minutes later ( þ 5 time point), they reported lower cocaine craving ratings compared with both the placebo group (p ¼ 0.003) and the females who had been administered 2 mg of guanfacine (p ¼ 0.05). This effect of dose was not observed in the males. With regard to alcohol craving, immediately after exposure to all three imagery conditions, the female placebo group reported significantly higher alcohol craving compared with the women that had been administered both 2 mg of guanfacine (po0.0001) and 3 mg of guanfacine (po0.03). However, 5 min later ( þ 5 time point), only the higher 3 mg dose of guanfacine was reducing alcohol craving compared with placebo (p ¼ 0.04). Graphs for the extended dose analyses are presented in Supplementary Information S5.
No significant variation between 2 and 3 mg/day of guanfacine were observed with regard to any other subjective or cardiovascular measures.
DISCUSSION
Current findings indicated that 3 weeks of guanfacine treatment culminated in phasic attenuation of cocaine and alcohol craving, as well as anxiety and negative emotion following stress and cue in females, but not males. However, nicotine craving was reduced in both guanfacine males and females. Guanfacine also attenuated cardiovascular output in both males and females, although basal heart rate was reduced more robustly in females and basal DBP was reduced more robustly in males. Basal and phasic SBP was reduced across-the-board in both guanfacine males and females. Although guanfacine decreased generalized cardiovascular output in both males and females, current findings indicate that the attenuation of craving and emotion was far more robust in females. Preliminary dose analysis further indicated that the higher dose of 3 mg/day was significantly more effective in attenuating stress-and cue-related cocaine and alcohol craving than the 2 mg/day dose. Consistent with prior research (Fox et al, 2012) , both doses were found to be well tolerated in the current participant sample.
The significant reduction observed in craving, anxiety, and negative emotion in the guanfacine female group may have stemmed predominantly from the significantly higher ratings reported in all measures by the placebo females compared with both the guanfacine females and the placebo males. This is consistent with extensive research showing that both cocaine-dependent and non-dependent females report significantly higher anxiety, stress, and negative mood during distress compared with males, (Chaplin et al, 2008; Fox et al, 2008b) and experience negative emotions at a greater frequency and intensity than males (Nolen-Hoeksema et al, 1999) . Findings also support clinical data, indicating that US women are markedly overrepresented with regard to stress-related psychopathology including anxiety and mood disorders (Blanchard, 1998; McCance-Katz et al, 1999) . In view of this, potentiated stress-and cue-related negative mood and anxiety might represent a salient motivational component of the provoked craving state in dependent women (Chaplin et al, 2008; Fox and Sinha, 2009) . As an adrenergic agonist, guanfacine targets core anxiety-related corticotrophin releasing hormone and NE sympathetic pathways (Arnsten, 2011) ; and this mechanism may therefore underlie its efficacy in reducing anxiety, negative emotion, and thus craving for multiple drugs of abuse in dependent females.
It is important to note that guanfacine did significantly attenuate nicotine craving across sex, and this may reflect the increased ratings of nicotine craving in the placebo groups relative to alcohol and cocaine craving. This again corroborates prior research from our laboratory that has incorporated similar paradigms, and documented comparatively elevated nicotine craving, possibly owing to consumption expectations (Fox et al, 2012) . Although participants were resident in a locked inpatient unit with no access to either cocaine or alcohol, they were allowed four supervised smoking breaks per day and additional cigarette breaks before and following each of the three laboratory challenge studies. Higher consumption expectancy for nicotine may therefore have increased craving levels in both males and females optimizing guanfacine's efficacy in reducing nicotine craving. Craving may therefore need to be above a particular threshold for guanfacine to be effective in reducing craving, and this may further account for guanfacine's greater efficacy in attenuating stress-and cue-induced cocaine and alcohol craving in females compared with males. In both cases, placebo females reported significantly greater ratings of craving compared with placebo males.
Although guanfacine was efficacious in attenuating both stress-and cue-induced cocaine craving in women, it actively potentiated cocaine craving immediately following exposure to all three imageries in men. From a broad perspective, this may be related to a number of sex differences in the pharmacodynamic and pharmacokinetic mechanisms mediating cocaine craving in men. In support of this, animal studies have shown that under certain conditions, and in certain individuals, alpha2 agonists may act like NE and selectively agonize other receptors. For example, at higher doses, the alpha2 agonist, clonidine has been shown to saturate presynaptic alpha2 receptors and activate lower affinity post-synaptic receptors, as well as bind to imidazoline I(1) receptor sites (Eglen et al, 1998) . This serves to mimic the counterintuitive 'stimulant-like' effects of NE potentially increasing the motivation for cocaine (Feltenstein and See, 2006; Brown et al, 2009) .
Furthermore, while low doses of clonidine have successfully blocked both forced swim-and yohimbine-induced cocaine reinstatement in male mice, higher doses have not only failed to block reinstatement under comparative conditions, but actively induced cocaine reinstatement (Mantsch et al, 2010) and conditioned place preference (Cervo et al, 1993) . With regard to the current findings, therefore, this poses questions concerning possible sex differences in pharmacokinetic and pharmacodynamic processes relating to the bioavailability of guanfacine, alpha2-receptor binding, and cocaine craving. Moreover, as nicotine craving was attenuated in the present study in both guanfacine males and females, findings also indicate the possibility of selective mechanisms underlying craving for different drugs of abuse.
These sex-specific variations observed in the current study may also help account for the less robust attenuation of stress-induced cocaine craving and negative mood observed previously in a combined sample of males and females with cocaine dependence using an identical paradigm (Fox et al, 2012) . In our previous study, guanfacine just reduced cue-related cocaine craving, and showed only a trend in terms of attenuating stress-and cue-induced negative mood. It is therefore possible that potential experimental findings may have been 'washed out' by combining gender. Similarly, our previous research indicated that guanfacine reduced stress-and cue-related nicotine craving more robustly than cocaine craving, perhaps owing to less sex specificity.
In terms of cardiovascular output, tonic heart rate and blood pressure were reduced in both male and female guanfacine groups compared with placebos. Heart rate was more robustly reduced in the guanfacine females because of significantly higher beats per minute in women as documented in the female compared with male placebos. Similarly, DBP was more strongly attenuated in the guanfacine males also possibly because of higher blood pressure levels in the male compared with the female placebos. The sex dissociations in heart rate and blood pressure observed in the placebo groups support research documenting the prevalence of raised resting and provoked heart rate in healthy (Burke et al, 1996; Ostadal and Ostadal, 2012) and cocaine-dependent females (Fox et al, 2006; Brady et al, 2009) , and elevated tonic and phasic blood pressure in healthy (Sandberg and Ji, 2012) and cocainedependent males (Kudielka et al, 2004; Fox et al, 2006) . Similar to the subjective data, therefore, findings suggest that a particular threshold of emotional and sympathetic arousal may be required to optimize guanfacine efficacy.
The upregulation in cardiac activity documented in the current placebo groups was not within a risk-related range. However, increased autonomic, and cardiovascular tone, even at non-clinical levels, have still been associated with risk-related behaviors. These include persistent elevations in cocaine craving, alcohol craving, anxiety, and dysregulated phasic heart rate and blood pressure response to stress (Kampman et al, 2006; Fox et al, 2008b; Sinha et al, 2009 ). As such, upregulated heart rate more commonly observed in females (Ostadal and Ostadal, 2012 ) may provide another salient target for the therapeutic effects of guanfacine in women, highlighting a mechanism that may be associated with the attenuation of anxiety, arousal, negative emotion, and thus craving, in stressful and vulnerable environments. Conversely, in males, guanfacine-induced attenuation of both basal and response blood pressure was not accompanied by a corresponding decrease in either stress-and cue-related craving or negative emotion.
This again points to sex specificity in the processes underlying the stress-induced craving state, and may support several studies that have shown cardiovascular and sympathetic arousal to be associated with anxiety symptomatology to a greater extent in females compared with males (Cahill, 2003) . As such, the autonomic and physiological correspondence with the stress experience may vary considerably by sex, and this may reflect one possible reason for the drug's relative efficacy in reducing stress-and cue-induced craving in women compared with men. Again, however, further systematic research is needed to more fully understand the sex specificity of not only the stress experience, but also the stress-induced craving state. Findings regarding these behaviors in men and women currently demonstrate much conflicting evidence due to paradigm variation and individual differences in subpopulations of drug users. Although some studies have shown stress-related craving to be associated with subjective emotion and behavioral arousal in healthy men but not women (Chaplin et al, 2008) , other research has associated a more sensitized biophysiological state with elevated cocaine craving in dependent women compared with men (Fox et al, 2006) . Elucidating these mechanisms will help clarify sex-specific targets and thus better-tailored treatments for cocaine use disorder.
Interpretation of sex specificity in the current study is limited to some extent by small sample number and lack of control for gender-sensitive factors relating to stress system function. These include childhood trauma and menstrual cycle phase, both of which are known to impact adrenergic (Pervanidou and Chrousos, 2007; Sinha et al, 2007a; Feltenstein et al, 2011) and HPA-axis function (Fox et al, 2008a; Carpenter et al, 2011) . Inclusion of a non-stress and drug cue comparison imagery condition would also have provided a clearer understanding of the subtleties between biophysiological response to combined stress and cue compared with stress alone and cue alone. In addition, the possibility that other factors may have accounted for differences in craving, rather than gender per se, cannot be completely discounted. For example, sex differences in craving may have been influenced by the significant variation in amount of cocaine consumed before inpatient entry. This is irrespective of the fact that no differences in significance were observed when cocaine amount was used as a covariate in all baseline and response models. Another limitation also stems from the fact that the group and individual counseling provided during inpatient stay may have been more effective in males, contributing to the lower craving levels observed in male compared with female placebos. However, while this remains a possibility, greater variation between males and females on subjective reporting at baseline may have been expected if the inpatient environment had played a salient role. Moreover, while women are less likely than men to enter inpatient treatment, gender has not previously been documented as a significant predictor of treatment retention, completion or outcome (Sun, 2006; Greenfield et al, 2007) . Future research that more thoroughly examines both consumption expectancies as well as previous nicotine consumption frequencies is also warranted in order to more fully assess the selectivity of guanfacine's effects on craving in males.
Despite these limitations, the current findings are the first to demonstrate that guanfacine may be a potentially efficacious medication for reducing physiological and emotional arousal mechanisms pertinent to the stress-and cue-induced craving state, especially in cocaine-dependent women who may also abuse alcohol and nicotine. This study indicates that women may be more vulnerable than men to withdrawal-related adrenergic adaptations as well as anxiety and mood related components of the craving state. As such, extended research is encouraged to more thoroughly delineate potential sex differences in the efficacy of alpha2 agonists, such as guanfacine, in individuals with cocaine use disorder.
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